ABSTRACT The effect of gonadal steroids (GS) on proliferation of lymphocytes and distribution of lymphocyte subpopulations in cell culture was examined. The involvement of protein kinase C (PKC) and calcium ionophore in the proliferative response was tested. Estradiol benzoate (EB) or testosterone propionate (TP) had no significant influence on proliferation of peripheral blood lymphocytes (PBL) when cells were not stimulated by mitogen. At high concentration (10 −6 M), EB and dihydrotestosterone (DHT) decreased lymphocyte proliferative response to concanavalin A (ConA) and lipopolysaccharide (LPS) at 24 and 72 h of incubation. However, at physiological doses (10 −12 to 10 −16 M), EB significantly enhanced the proliferative response at 24 h of incubation, whereas DHT had no effect. The inhibitory effect of the high dose of EB or DHT on proliferation of T and B lymphocytes was independent of time of hormone presentation to the cells or age and gender of cell donor. In
INTRODUCTION
Gonadal steroids (GS) are involved in the formation of sexual dimorphism in immune responses (Grossman, 1985 (Grossman, , 1989 Lahita, 1990; Grossman et al., 1991; HomoDelarche et al., 1991) . Effects of various GS have been found to vary from immunosuppression to immunopotentiation, depending on species, sex, age, dose, and method of application (Ansar Ahmed et al., 1985; Ansar Ahmed and Talal, 1990) .
The mechanisms of actions of GS on the immune response are not well known at present, although some possible pathways have been suggested. These steroids may act directly on immune cells but also may change the immune response by affecting some other systems 2001 Poultry Science Association, Inc. Received for publication July 26, 2000. Accepted for publication April 27, 2001. 1 To whom correspondence should be addressed: dheller@agri. huji.ac.il.
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all cultures, pre-incubation of lymphocytes with 10 −6 M of EB or DHT significantly reduced their proliferative responses to ConA, phytohemagglutinin (PHA), and LPS. The percentage of CD3
+ cells was significantly reduced by EB, whereas DHT had no such effect. In contrast to inhibition of proliferation in response to mitogens, 10 −6 M EB dramatically enhanced the proliferation of lymphocytes in response to the PKC activator, phorbol 12-myristate 13-acetate, and calcium ionophore, A23187. Results suggest that high doses of EB do not damage the viability or proliferation capability of lymphocytes and, therefore, suppress the proliferative response to mitogens in a different manner, perhaps by reducing gene transcription for receptors that recognize the mitogens, or suppressing some postreceptor events. The enhancement of proliferation in response to mitogens by low doses of EB may support this assumption, because the biphasic effects of steroids on gene transcription are well documented. such as the neuroendocrine system (Grossman, 1989; Kordon and Drouva, 1992; Marsh and Scanes, 1994; Stanisz et al., 1994; Mashaly et al., 1998) . The immune response to a particular antigen is regulated by intercellular interactions between T and B cells. The response to some antigens (mitogens) includes lymphocyte proliferation that can be studied in vitro (Pearce et al., 1981; Dean et al., 1984; Aboudkhil et al., 1991; Olsen et al., 1991) . Therefore, in the present study, the direct effects of GS on lymphocyte proliferation and distribution into subpopulations in response to different mitogens were assayed in cell culture. The effects of GS on lymphocyte proliferation in response to activation of protein kinase C (PKC) and calcium channels were studied as well.
MATERIALS AND METHODS

Experimental Chickens
Day-old White Leghorn chicks of both sexes were purchased from a commercial hatchery (Kibbutz Hefets Haim) and housed in heated battery-type brooders throughout the experiments. The lighting regimen was 16 h light:8 h darkness. The chicks were fed a commercial chick feed, and water was provided ad libitum.
Steroid Hormones Treatment of Lymphocyte Cultures
Estradiol benzoate (EB), testosterone propionate (TP), and dihydrotestosterone (DHT) were purchased.
2 The compounds were initially dissolved in absolute ethanol at 10 −2 M (stock solution) and stored at −20 C. The working dilutions of steroids were prepared from stock solution in RPMI 1640 3 medium in 1:10 (vol/vol) serially diluted concentrations varying from 10 −6 to 10 −16 M/10 6 cells in culture. Ethanol (less than 0.1% in the cultures), as pretested, had no effect on the mitogenic response of lymphocytes.
Mitogen Stimulation
The following mitogens were used: phytohemagglutinin 4 (PHA), concanavalin A 4 (ConA), pokeweed mitogen 4 (PWM), and lipopolysaccharide 2 (LPS) from Salmonella typhimurium. Calcium ionophore A23187 2 and phorbol 12-myristate 13-acetate 2 (PMA) were prepared as stock solutions at 10 −3 M in absolute ethanol and were stored at −20 C (Valge et al., 1988) . Working dilutions were prepared in RPMI medium immediately at the start of the experiment and were stored on ice.
Lymphocyte Proliferation Test
Lymphocyte Isolation. Heparinized whole blood samples were collected from the jugular vein into sterile tubes. Peripheral blood lymphocytes (PBL) were separated by slow centrifugation at 50 × g (Chi et al., 1984) under sterile conditions. The buffycoat layer was collected and washed in RPMI medium supplemented with 1 mM L-glutamine, 5 100 IU penicillin/mL, 100 µg streptomycin/mL, 6 10 µg gentamycin/mL, and 5% fetal calf serum 7 (FCS) stripped of steroid hormones (Athreya et al., 1993) . Each sample of lymphocytes was counted in 0.2% trypan blue (Kruse 2 Sigma, Rehovot 76100, Israel. and Patterson, 1973) and resuspended in RPMI at 1 × 10 7 cells/mL.
For spleen lymphocyte isolation, chicks were killed by cervical dislocation, and their spleens were immediately removed, collected aseptically, and placed into RPMI medium in petri dishes kept on ice. Adhering fat and connective tissues were removed, and the cell suspension was prepared by pressing the spleens through a stainless steel mesh with a sterile disposable syringe plunger, following filtration through a nylon mesh. The cells were centrifuged 10 min at 100 × g, and the upper lymphocyte layer was removed from the pellet. Lymphocytes were washed twice, counted in trypan blue, and resuspended in RPMI medium at 1 × 10 7 cells/mL. According to the trypan blue dye exclusion test, the viability of PBL and spleen lymphocytes exceeded 90%.
Lymphocyte Cultures. 1 × 10 6 lymphocytes were cultured in 100 µL of RPMI medium in triplicate. To each three wells of a 96-well, round-bottom microtiter plate, 100 µL of one of the following mitogens in RPMI was added: PHA, 40 µg/mL, ConA, 20 µg/mL, PWM, 0.1 µg/ mL, or LPS, 25 µg/mL (Koniski and Cohen, 1992) . The plates were incubated for 6, 12, 24, 36, or 48 h at 38 C with 5% CO 2 . After incubation, the cultures were pulsed with methyl-3 H thymidine, 8 1 µCi/well (specific activity 5 mCi/mM), and were placed into an incubator (38 C, 5% CO 2 ) for another 18 h. After incubation, the cells were harvested onto glass fiber filters by an automated cell harvester. The filters were placed in vials with scintillation fluid, and the radioactivity of triplicate samples was measured in a scintillation counter 9 for 1 min. The results were expressed as delta counts/min, that is, the difference between counts of cells cultured with mitogen and that of cells cultured in RPMI alone.
Fluorescence-Activated Cell Sorting Analysis
Lymphocyte cell surface markers CD3, CD4, CD8, and BU were counted by flow cytometric techniques using a fluorescence-activated cell sorter equipped with an argonion laser.
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Monoclonal Antibodies. Monoclonal antichicken antibodies used in fluorescence-activated cell sorting (FACS) analysis were kindly provided by H. Lillehoj (USDA, PBESL Beltsville, MD 20708). The following mouse antichicken primary antibodies were used: CD8-1 and CD4, which recognize the chicken homologues of mammalian CD8 and CD4 membrane coreceptors of T-cytotoxic and T-helper cells, respectively; CT3, which recognizes a CD3 coreceptor of T cells; and BU-1b, which is specific for mature chicken B cells. Secondary fluorescein isothiocyanate-conjugated goat anti-mouse antibodies 4 were used.
Flow Cytometric Analysis. Peripheral blood lymphocytes and lymphocytes from the spleen were isolated and prepared as described above (Athreya et al., 1993) . Lymphocytes in RPMI medium were washed and resuspended in PBS (pH 7.4) supplemented with 1% BSA 2 at 2 × 10 6 cells per tube. Subsequent primary antibody (CD3, CD4, CD8-1, or BU-1), diluted according to our calibration test, was added, and cells were incubated for 40 min on ice. As a blank control, cells were incubated in PBS with 1% BSA (PBS-BSA) with no primary antibody. The cells were washed three times, the supernatant was decanted, and secondary antibody, diluted according to supplier's instructions (1:64 vol/vol), was added to all of the tubes for another 40 min on ice. The cells were washed in PBS-BSA three times, and PBS supplemented with 0.5% formalin was added. Tubes were stored at 4 C. The cells were counted, and results were presented as a percentage of positive cell subsets in 10 4 cells of each sample.
Experimental Procedures
Experiment 1. Effect of EB and TP administration on lymphocyte proliferation was studied. Lymphocytes were prepared from the peripheral blood of 8-wk-old White Leghorn male chicks (seven chicks per group). Purified PBL were resuspended in RPMI medium supplemented with 5% stripped FCS and were incubated in 96-well, round-bottom plates in triplicate (10 6 cells per well). EB or TP at 10 −6 to 10 −16 M per 10 6 cells (20 µL/well) were added, and the plates were incubated for 6, 24, or 36 h. For a negative control, lymphocytes were cultured without hormone for each test. After incubation, cells were pulsed with 3 H-thymidine and counted. The results were expressed as a stimulation index (SI), that is, mean counts/ min of cultures with steroid divided by mean counts/ min of a negative control.
Experiment 2. Effects of EB and TP treatment on mitogen-stimulated lymphocyte cultures were studied. Male or female 8-wk-old chicks were used (seven or eight chicks per group). Lymphocytes were exposed to ConA, PWM, or LPS in the presence or absence of EB, TP, or DHT at concentrations varying from 10 −6 to 10 −16 M per 10 6 lymphocytes. The steroids were added simultaneously with mitogens or 24 h later. Two negative controls were used in each test: cultures without mitogens or steroids and cultures with mitogens but with no steroids (Lehmann et al., 1988) . To each negative control, an appropriate amount of RPMI was added. The cultures were incubated 6, 12, 24, or 36 h and then pulsed with 3 Hthymidine and counted.
The results were expressed as SI = (C − A)/(B − A), where A = counts/min of cultures without mitogen or steroid; B = counts/min of cultures with mitogen but no steroid; and C = counts/min of cultures with mitogen and steroid. The variation may be higher or lower than 1 (100%), representing stimulation or inhibition of proliferation by the appropriate steroid hormone, respectively (Luster et al., 1984) .
Experiment 3. Proliferation of mitogen-stimulated lymphocytes after pretreatment with GS was studied. Female and male 8-wk-old chicks were used (eight chicks per group). Peripheral blood lymphocytes were exposed to EB or DHT prior to ConA, PHA, or LPS stimulation (Baral et al., 1986 (Baral et al., , 1989 . Lymphocytes were prepared as described above. The cell suspension was exposed to RPMI only, or to RPMI with EB or DHT, at 10 −6 M per 10 6 cells, and the plates were incubated overnight at 38 C. After incubation, the cells were washed, resuspended in RPMI medium, and counted, and cell viability was determined by the trypan blue dye exclusion test. Cells were resuspended again in RPMI to 10 × 10 6 viable cells per milliliter and were cultured with ConA, PHA, or LPS in the absence of steroids for 6, 24, or 48 h at 38 C. For negative control, lymphocytes cultured in RPMI without mitogens were used for hormone pretreated and not pretreated cultures. After incubation, the cultures were pulsed with 3 H-thymidine and counted. The results were expressed as SI = mean of delta counts/min of mitogenstimulated steroid pretreated cultures divided by the mean of delta counts/min of mitogen-stimulated cultures pretreated with RPMI alone.
Experiment 4. Lymphocyte subset alterations in mitogen-stimulated GS-treated cultures were tested. White Leghorn (8-to-12-wk-old) male chicks (eight or nine per group) were bled, and PBL were prepared. After being washed, lymphocytes were resuspended in RPMI medium supplemented with 5% FCS to 10 7 cells/mL; this cell suspension was used for culturing with steroids in mitogen-stimulated cultures and for FACS analysis prior to stimulation (naive status). Lymphocytes were treated with ConA in the presence or absence of EB or DHT at 10 −6 M per 10 6 cells. Lymphocytes cultured in an equal volume of RPMI, with no mitogen and without hormone, were used as the negative control. The plates were incubated at 38 C for 72 h. After incubation, lymphocytes were harvested, washed, and resuspended in RPMI medium. Cells were counted, cell viability was determined by the trypan blue exclusion test, and cells were resuspended in RPMI to 10 7 viable cells/mL. After being stained, lymphocytes were resuspended in PBS-BSA without formalin and were counted on a FACS analyzer. For staining the dead cells, 75 µL propidium iodide 2 (50 µg/mL in PBS) was added to each tube 10 min prior to counting (Muirhead et al., 1986) .
Propidium iodide (red) fluorescence was measured against antibody (green) fluorescence, and results of the counting were expressed as percentages of CD3-, CD4-, CD8-, and BU-positive viable (green positive/red negative) lymphocytes in a sample. FACS analysis was performed for each of the following treatments: RPMI alone, mitogen without hormone, and mitogen with hormone.
Experiment 5. Proliferation of T and B lymphocytes in response to T-and B-cell mitogens, such as ConA and LPS, has been found to be associated with the phosphatidylinositol (PI) and PKC intracellular pathways (Gupta et al., 1988; Valge et al., 1988) . Proliferation of T cells in response to ConA is associated with activation of polypeptides of CD3 coreceptor complex, resulting in stimulation of PI turnover and activation of PKC (Valge et al., 1988) . Phorbol esters such as PMA directly activate in vitro phospholipid-dependent PKC. Calcium ionophore A23187 increases cytosolic calcium release in vitro, which normally is stimulated by inositol 1,4,5-triphosphate, pro-FIGURE 1. Effect of estradiol benzoate (A) and dihydrotestosterone (B) treatment on concanavalin A-stimulated proliferation of peripheral blood lymphocytes of 8-wk-old White Leghorn male or female chicks (Experiment 2). Steroid hormones were added simultaneously with mitogen, and cell cultures were stopped after 24, 48, or 72 h of incubation (18 h before, cells were pulsed with duced by PI turnover. The present experiment was undertaken to test whether EB affects lymphocyte proliferation stimulated by direct activation of the PI-diacylglycerol pathway.
White Leghorn male chicks at 6 wk of age (five chicks per the group) were bled, and PBL were prepared. Lymphocytes (10 7 cells/mL) in RPMI medium were plated into 96-well, round-bottom plates and were cultured in triplicate with the following reagents: with A23187 alone 1 µM or 500 nM per 10 6 cells or with PMA at doublediluted concentrations varying from 2 × 10 −3 to 10 −11 M in the absence or presence of A23187 at 1 µM, 250 nM, or 100 nM (Truneh et al., 1985; Valge et al., 1988) . Cells cultured with RPMI alone were used as a negative control. Plates were incubated at 38 C for 24 or 40 h and then pulsed with 3 H-thymidine and counted. Results were expressed as the difference between PMA-or PMA-A23187-stimulated lymphocytes and the negative control.
The effects of EB on proliferation of lymphocytes in response to PMA and PMA-A23187 were tested as follows: PBL were incubated with 10 −6 M EB per 10 −6 cells for 18 h at 38 C. As a negative control, cells were treated with RPMI only. After incubation, cells were washed twice, resuspended in RPMI medium, counted in trypan blue, and resuspended again in RPMI to 10 7 viable cells/ mL. Next, cells were cultured for another 24 h with 200 nM PMA alone or with PMA and A23187 (2 nM and 1 µM, respectively). As a negative control, cells were cultured with RPMI alone. After incubation, cells were pulsed with 3 H-thymidine and counted. Results were calculated and expressed as SI = counts/min of PMA-or PMA-A23187-stimulated EB-pretreated cultures divided by counts/min of PMA-or PMA-A23187-stimulated cultures pretreated only with RPMI.
Statistical Analysis
Statistical analysis of data was carried out with oneway ANOVA and Duncan's multiple-range test (SAS Institute, 1985) . Two-way ANOVA was used to analyze the results of Experiment 2 with treatment and sex or treatment and age as the main effects.
RESULTS
Experiment 1
At all concentrations used and during all incubation periods tested, neither EB nor TP had any significant effect on PBL proliferation (data not shown) Stimulation indices of all cultures had ±5% deviation from that of the control (SI = 1).
Experiment 2
Exposure of PBL to 10 −6 M of EB or DHT significantly (P < 0.05) decreased lymphocyte proliferation in response Means within a column (treatments) significantly differed (P < 0.05) from control (SI = 1) for all of the cultures treated with EB, DHT, or TP at 1 µM concentration. No significant interactions were found for treatment × sex or treatment × age. to ConA as compared with the control (Figure 1) . The SI values for the EB-treated PBL were 0.5 ± 0.05, 0.63 ± 0.04, and 0.43 ± 0.04 at 24, 48, and 72 h of incubation, respectively ( Figure 1A) . The SI values for the DHTtreated cultures were 0.59 ± 0.05, 0.55 ± 0.05, and 0.50 ± 0.07 at 24, 48, and 72 h incubation, respectively ( Figure  1B ). The proliferative response ConA was not affected by doses of 10 −8 and 10 −10 M of either steroid at all assayed times of incubation. However, at low physiological doses (10 −12 to 10 −16 M), EB supplementation significantly enhanced the proliferative response (P < 0.05) at 24 h of incubation, in which SI varied from 1.34 ± 0.08 (10 −14 M) to 1.42 ± 0.12 (10 −12 M). This effect was not observed later, at 48 and 72 h of incubation, when no treatment effect on proliferative response to ConA could be observed. Similar low doses of DHT had no effect on proliferation in response to ConA.
These results suggested that EB and DHT directly inhibited or stimulated lymphocyte proliferation in timeand dose-dependent manners. As time is a factor, the chronological order of stimuli may affect the response to inhibitory dose. In order to assay this possibility, PBL were cultured with a dose of EB or DHT at 10 −6 M added simultaneously with ConA or LPS or after 24 h of incubation with mitogens ( Figure 2) . Proliferative response to ConA, and more so to LPS, was markedly and significantly reduced by co-administration of EB or DHT ( Figure  2 ). The 24-h delayed administration of both steroids also significantly inhibited the proliferation response to LPS or ConA, but to a much lesser extent, with no difference between the two mitogens.
To test whether the effect of GS on cell proliferation is gender and age dependent, PBL of male and female White Leghorn chicks, at different ages, were used. These lymphocytes were treated with EB, TP, or DHT at high (pharmacological) and low (physiological) doses under ConA or PWM stimulation (Table 1 ). The proliferative response to ConA and PWM was significantly suppressed (P < 0.05) following administration of 10 −6 M EB, TP, or DHT. Age and gender had no significant effect on this inhibition. At the dosage of 10 −9 M, none of the GS had any significant effect on the proliferative response of PBL.
In cultures of LPS-stimulated spleen lymphocytes of both sexes, 10 −6 M of EB or TP significantly (P < 0.05) depressed the proliferative response equally (Figure 3) , regardless of gender. At dosages of 10 −8 to 10 −10 M, EB significantly enhanced proliferative response to LPS in males (1.29 ± 0.07, 1.38 ± 0.09, and 1.2 ± 0.06 for 10 −8 , 10
, and 10 −10 M, respectively ( Figure 3A ). In females, proliferation was enhanced by EB only at a dosage of 10 − 10 M (1.21 ± 0.09). On the other hand, low doses of TP (10 −7 to 10 −11 M) had no significant effect on lymphocyte proliferation in either sex ( Figure 3B ).
Experiment 3
In response to mitogen stimulation, control lymphocytes and those pretreated with GS reached a peak of proliferation at 48 h of incubation. In both genders, preincubation with EB or DHT significantly reduced the proliferative response to all mitogens tested (Table 2) . No significant interaction was been found between treatment and sex. Pre-incubation with EB caused a greater suppression of proliferation in response to ConA or LPS in lymphocytes of males than those of females. A similar genderdependent dimorphism was found in the inhibition of proliferative response to LPS due to pre-incubation with DHT.
Experiment 4
Tables 3 and 4 present percentages of the various subsets following culture with mitogen plus GS, with mitogen alone, or with no stimulation (RPMI) as compared with naive PBL of the same chicks. In comparison with cultures with no stimulation, ConA significantly increased the percentages of all T-cell subsets tested. ConA treatment resulted in a greater stimulation of CD8 + subsets than those of CD4 + and, therefore, reduced the CD4 +
:CD8
+ ratio, when compared to RPMI incubated cultures. ConA significantly reduced the percentage of BU + cells in cultures, probably as a result of the increased Tcell population. EB significantly supressed (P < 0.05) the increase in CD3
+ cells in response to ConA exposure (Table 3), whereas DHT had no effect on this population (Table 4 ). The percentage of BU + cells was similar as in nontreated RPMI cultures for the EB and DHT treatments (Tables 3 and 4) .
Experiment 5
Exposure of PBL to PMA alone or in combination with A23187 resulted in a dose-dependent enhancement of proliferation during the 36 or 48 h of incubation (Figure 4) . Maximal proliferation was observed after 36 h in cultures treated with PMA in the presence of 1µM A23187 and reached a peak with PMA at 200 nM ( Figure 4A ). PMA alone had a proliferative effect that started to appear at 20 nM and was maximal at 200 nM. The presence of A23187 enhanced the proliferative response to PMA in a dose-dependent manner. After 48 h of incubation, a similar profile of dose-dependent proliferation was observed in all treatments ( Figure 4B ), but the rate of proliferation was lower than after the 36-h treatment ( Figure 4A ).
Based on these results, the effect of pre-incubation with EB on the PMA-and PMA-A23187-induced proliferation Means with different letters are significantly different (P < 0.05) within each row.
1 Each mean ± SEM represents the average for 10 chicks.
2 Peripheral blood lymphocytes of the same chicks prior to incubation (näive status).
3
The percentage of PBL under RPMI treatment does not add up to 100%, due to cell death.
4
Concanavalin A.
5
EB was provided at 10 −6 M.
was tested in cultures stimulated by 200 nM PMA or 2 nM PMA in presence of 1 µM A23187 for 36 h. Unlike the inhibition of proliferative response to mitogens previously observed, pre-incubation of PBL with 1 µM of EB significantly (P < 0.05) enhanced proliferation in PMA-and PMA-A23187-stimulated cultures ( Figure  5 ) over that observed in RPMI pre-incubated cultures. This enhancement was much greater in cultures stimulated with PMA and A23187 than in those stimulated with PMA alone.
DISCUSSION
The results of the present study clearly show that GS directly affect peripheral and splenic lymphocytes of chickens. The change in the proliferation rate of lymphocytes in response to GS depends on the type of steroid, dose, and nature of the mitogenic stimulus. In high concentrations (10 −6 M), all GS suppressed the mitogenic response to immunostimulants such as ConA, PWM, PHA, and LPS. Our previous experiments (Leitner et al., 1996) indicated a dual effect caused by high level treatment in vivo. On one hand, both estrogen and testosteron inhibited growth of the immune organs, the bursa of Fabricius, and spleen, but on the other hand, estrogen stimulated humoral and cell-mediated immune responses of chicks, Means marked with different letters are significantly different (P < 0.05) within each row.
1 Each mean ± SEM represents average for eight chicks.
3
4
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DHT was provided at 10 −6 M.
whereas testosterone had no effect. Thus, the direct effect of pharmacological doses of GS on the immune system was the main object of our study. Lymphocyte proliferation seems to be one of the main events in growth of the immune organs and in immune response to antigen; therefore, we used lymphocyte proliferation response as a test to show the effect of pharmacological doses of GS in vitro. Suppression of lymphocyte proliferation by high doses of GS has been previously reported for humans (Paavonen et al., 1981; Lehmann et al., 1988; Herrera et al., 1992) . The data concerning the immunomodulatory role of estrogens and androgens are controversial. Physiological concentrations of estradiol inhibit proliferation of PHA-stimulated human lymphocytes (Herrera et al., 1992) . Testosterone and DHT at physiological doses reduced proliferation of cultured human PBL in one study (Lehmann et al., 1988) but had no effect on proliferation of human PBL in another study (Athreya et al., 1993) . In broiler chicks, continuous administration of physiological doses of E 2 and testosterone significantly decreased the total number of lymphocytes (Afaleq and Homeida, 1998) . In the present study, EB at physiological concentrations enhanced proliferation of T and B lymphocytes in response to ConA, whereas DHT had no effect. DHT and TP were found to have an inhibitory effect on in vitro proliferation of lymphocytes (Table 1) . EB administration has been shown to enhance cell-mediated and humoral immune responses in chicks, whereas at the same time it inhibits the growth of the spleen and bursa of Fabricius (Leitner et al., 1996) . Such dual effects may be the result of different levels of sensitivity toward E 2 at different stages of differentiation of immune cells. Furthermore, whereas in vitro GS may change behavior of lymphocytes only by their direct action on cells, in vivo they may have an indirect effect as well, for example, by affecting the bursa of Fabricius and the thymus.
In chicks, extracts of thymus and bursa of Fabricius modulate a variety of immune responses (Murthy and Ragland, 1984) . The avian thymic hormone, a major component of thymic extracts, stimulates bone marrow pre- cursor cells to express cell surface markers for T cells and enhances a graft vs. host response (Murthy and Ragland, 1992) . Extracts of bursa of Fabricius contain soluble factors that mediate an immune response of which one is bursin (Audhya et al., 1986 ). Administration of thymus or bursa extracts to chicks results in significantly greater blastogenic responses of PBL to PHA and ConA stimulation (Murthy and Ragland, 1992) .
Stimulation of human PBL with ConA augments cytotoxic cell activity (Connolly and Wunderlich, 1980) . Thus, in the present study, in PBL stimulated with ConA, the percentage of T-cytotoxic cells increased. Therefore, the CD4 + :CD8
+ ratio among them was lower than in unstimulated PBL. EB and DHT had no significant effect on the FIGURE 5. Proliferation of peripheral blood lymphocytes of 6-wkold White Leghorn male chicks in response to 200 nM phorbol 12-myristate 13-acetate (PMA) alone or PMA with calcium ionophore A23187 (2 nM and 1 µM, respectively) after preincubation with 1 µM estradiol benzoate (EB) (Experiment 6). Cells were incubated 24 h with PMA or PMA-A23187 and then pulsed with percentage of CD4 + lymphocytes. These results are similar to an in vivo study, in which high doses of EB and DHT had no effect on CD8 + and CD4 + ratios in PBL (T. Landsman, unpublished data). In the present study, EB significantly decreased the percentage of lymphocytes bearing the T3 (CD3) coreceptor in ConA-stimulated PBL, whereas DHT had no such effect. This result suggests that a high EB level may reduce expression of CD3 surface molecules in T cells. The specific membrane antigens of T cells (CD3, CD4, and CD8 molecules) are involved in functional activities of these cells. The appearance of the T3 molecule during thymocyte ontogeny has been linked to the acquisition of immunological competence (Weiss et al., 1984) . The T3 complex is associated with the T-cell receptor for antigen and, therefore, is involved in T-cell activation. T-cell receptor ligands, such as antigens or lectins like ConA and PHA, act on the receptor-variable chains with associated polypeptides of the T3 complex and activate the proliferation of T-lymphocyte clones under in vitro conditions (Leo et al., 1987) .
In Ar-5 T-cell clones of mouse lymphocytes, ConA acts primarily through the T3/T receptor complex to activate proliferation (Valge et al., 1988) . The phospholipase C cascade that includes PKC and Ca 2+ mobilization is involved in proliferation of thymic lymphocytes and epithelial cells (Tsien et al., 1982; Valge et al., 1988; Sakabe et al., 1994) and murine B-cell activation and proliferation in response to LPS (Gupta et al., 1988) . As in all other tissues, in immune cells, GS affect metabolism by nuclear receptors that change gene transcription (Kuhnle et al., 1994) , which may lead to changes in level of different cellular proteins, including receptors on the surface of the membrane, as observed by changes in PBL subpopulations. Therefore, the observed enhancement of PBL proliferative response to mitogens by low doses of EB and its inhibition by high doses of GS may be the result of an increase or reduction in gene transcription for surface receptors. However, the inhibition by high doses of GS could also be the result of reduction in cell viability, interference in pathways of cell division (Herrera et al., 1992; Kordon and Drouva, 1992) , or suppression in downstream signals of the PLC cascade, such as Ca 2+ mobilization and activation of PKC (Morley et al., 1992; Sakabe et al., 1994) .
The tumor-promoting phorbol ester, PMA, which is a specific activator of PKC, alone or in combination with calcium ionophore A23187, stimulates proliferation in several cell types (Castagna et al., 1982; Weiss et al., 1984; Truneh et al., 1985) . Phorbol esters have been shown to stimulate secretion of interleukin-2 and to induce expression of receptors to interleukin-2 in mouse T lymphocytes (Truneh et al., 1985) . In the present study, chicken PBL proliferated in response to PMA and more so when provided with both PMA and A23187. High doses of EB, which drastically suppressed the proliferative response of PBL to different mitogens, dramatically enhanced PBL proliferation in response to PMA or PMA-A23187. Therefore, these high doses of EB do not reduce viability of PBL in culture and do not damage mechanisms involved in cell division or downstream of the PLC cascade. It is suggested that high doses of EB and GS, in general, suppress PBL proliferation in response to mitogens by reducing their ability to recognize these mitogens, due to a reduction in membrane receptors.
The results of the present study demonstrate the capacity of estrogen and androgen hormones to modulate the immune response directly, by affecting the proliferative processes via T3 complex in periphery or spleen during immune response to foreign antigen. Greater immune response and greater susceptibility of females to foreign antigens may be function of low local estrogen concentration in the target tissue. The mechanism leading to stimulation of cell proliferation may differ from that leading to inhibition and will require a more detailed investigation.
